Abstract. Aerosol Optical Depth (AOD) retrieved from MOderate Resolution Imaging Spectroradiometer (MODIS) measurements over land, can be improved by taking into account the surface Bidirectional Reflectance Distribution Function (BRDF), as shown in a previous study (Wu et al., 2016) . However, the relationship of the surface reflectance between visible and short wave Infrared band that applied in the previous study, can lead to an angular dependence of the AOD retrieval. This has at least two reasons. The relationship based on the assumption of isotropic reflection or Lambertian surface is not suitable for the 5 surface directional-directional reflectance. On the other hand, although the relationship varies with the surface cover type by considering the vegetation index N DV I SW IR , this index itself has a directional effect and affects the estimation of the surface reflection, and finally can lead to some errors in the AOD retrieval. To improve this situation, we derived a new relationship for the spectral surface directional-directional reflectance in this study, using 3 years of dataset from AERONET-based Surface Reflectance Validation Network (ASRVN). To test the performance of the new algorithm, three case studies were used: 2 years 10 of data from Eastern China and North America, and 4 months of data from the global land. The results show that the angular effects of the AOD retrieval are largely reduced in most cases. Particularly, for the global land case, the AOD retrieval was improved by the new algorithm compared to the previous study and MODIS collection 6 dark target algorithm, with the increase of 2.5% and 5% AOD retrievals falling within the expected accuracy level ±(0.05+15%), respectively.
Introduction

15
The atmospheric aerosol is a suspension of liquid and solid particles distributed in the air with a radius ranging from a few nm to larger than 100 nm. Aerosols from natural sources (e.g., volcanic ash, sea spray aerosol, and dust) and human activities (e.g., industrial emission, forest fire smoke and fossil fuel burning aerosol) play a key role in climate and environment, and human health. Near land surfaces, high concentrations of fine aerosols with various micro-organisms can be inhaled by humans and cause human diseases (Laden et al., 2000; Samet et al., 2000; Pope III et al., 2002; Pope III and Dockery, 2006) . On the other 20 hand, aerosols have a significant impact on climate due to their direct and indirect effects (Kaufman et al., 2002; IPCC, 2013) .
Most of the aerosols affect the climate by cooling the atmosphere through reflecting solar radiation into outer space, whereas absorbing aerosols (e.g., black carbon) warm the atmosphere, this is also called the direct effect of aerosol. The net effect of -(0.02 + 10%), and a relatively low accuracy over land with ±(0.05 + 15%) . The accuracy of the retrievals over land should be improved for global climate research (e.g. McComiskey et al., 2008) .
The AOD retrieval is a more challenging task over land than over ocean since the land surface is much brighter than the ocean surface. Specifically, the contribution from the bright surface to the TOA radiance can be higher than the one from the atmosphere, which makes it difficult to separate the aerosol and surface contributions to the TOA radiance. For this reason, 15 two versions of the MODIS Dark Target and Deep Blue AOD algorithm were developed over the dark (e.g., vegetated area) (Remer et al., 2005 Levy et al., 2007a Levy et al., , b, 2013 and bright surface (e.g, desert and urban area) (Hsu et al., 2004 (Hsu et al., , 2006 , respectively. These two algorithms take advantage of dark or darker surfaces at different bands to obtain a relatively accurate estimation of the atmosphere contribution to the radiance at TOA, although they aim at different surface types. MODIS DT land AOD algorithm makes use of the presence of a dark surface in two visible channels 0.47-and 0.66 µm and the approximate 20 transparency of the atmosphere at a relatively long wavelength 2.12 µm, to combine the effect of the atmosphere scattering and surface reflection on the TOA radiance. MODIS Deep Blue AOD algorithm addresses the issue on the surface brightness in a similar way, but utilizing the characteristics of the darker surface in two blue channels 0.412-and 0.470 µm and little absorption by dust in a red channel (e.g., 0.670 µm).
However, using the presence of the dark surface in a few channels, it leads to the limited MODIS observations (two or three 25 single-view channels) in the retrieval. The limited observations do not allow us to directly solve the Radiative Transfer (RT) process or equation since there are more unknowns than observations. The spectral surface reflectance needs to be constrained to solve the RT process, leading the AOD retrieval. Thus, some methods are developed for the AOD retrieval over land, by using ancillary data and "a priori" assumptions to constrain or determine the surface reflectance.
To obtain the surface reflectance from the satellite-observed radiation field, one needs to subtract the atmospheric effects
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(called the atmospheric correction) by assuming/knowing aerosol parameters and atmospheric components. Using the minimum reflectivity technique (Herman and Celarier, 1997; Koelemeijer et al., 2003) , a database for the global surface reflectance is generated, and applied to the first generation of Deep Blue algorithm (Hsu et al., 2004 (Hsu et al., , 2006 . By combining surface reflectance database and dynamic surface reflectance determination, a hybrid method has been used for the retrieval over a general surface . As for C5 and C6 DT over land, the relationship was derived for the surface reflectance 35 2 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 Discuss., doi:10.5194/amt- -185, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 12 July 2016 c Author(s) 2016. CC-BY 3.0 License. at visible wavelengths 0.466-and 0.644 µm versus short wave Infrared 2.12 µm (VISvsSWIR), by considering vegetation amount and the scattering angle (Levy et al., 2007b .
Following the dark surface selection in C6_DT algorithm but considering the anisotropic reflection of the surface, a new AOD retrieval algorithm called BRF_DT was developed (Wu et al., 2016) . Although the BRF_DT AOD was improved compared to C6_DT one, the surface reflectance parameterization inherited from C6_DT algorithm needs to be further refined to achieve 5 better retrievals. The derived relationship based on the assumption of isotropic reflection surface (Lambertian surface) is not quite suitable for the BRF_DT algorithm which requires a relationship for the spectral surface Bidirectional Reflectance Factor (BRF, or directional-directional reflectance). Although the relationship in C6_DT takes into account the angular effect (e.g, regarding the scattering angle as a variable), this effect brought by the index of vegetation amount or "greenness" -Normalized Distribution Vegetation Index (NDVI SW IR ) in the relationship, is not well evaluated and investigated. As a result, directly 10 applying the parameterization leads to the dependence of AOD retrieval on the observation and illumination geometry in BRF_DT algorithm, giving a underestimation and overestimation of the AOD at a small and large scattering angle, respectively.
This study aims at improving the BRF_DT algorithm by updating the parameterization of the spectral surface BRF. The improved BRF_DT algorithm is called BRF_DT2 here. The paper is organized into several sections. Section 2 introduces the derivation of the relationship of the spectral surface BRF for VISvsSWIR using 3 years (2005) (2006) (2007) of data which is from 15 AERONET-based Surface Reflectance Validation Network (ASRVN) dataset. Section 3 presents the AOD retrieval by the new algorithm, and its validation with AERONET measurements. The AOD retrievals of the current and operational MODIS C6_DT algorithm and the previous BRF_DT algorithm are also put here to make a cross-comparison and get a better understanding of the difference among the algorithms. Conclusions are made in section 4.
The development of BRF Dark Target algorithm
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The accurate calculation of the TOA radiance requires considering the anisotropic reflection of the surface. Thus, we built a frame work of RT process by coupling the non-Lambertian surface.
Following the four-stream theory (Verhoef, 1985) , the radiation field in our study is divided into directional (d), and hemispheric part (h) indexed as the subscript symbol "d" and "h". Since we have an incident and reflected radiation, thus we get four combinations of these two symbols: "dd", "dh", "hd" and "hh". The symbol "i" and "v" indicate the direction of an incident or 25 solar (solar zenith angle θ s , and solar azimuth angle φ s ) radiation and the direction of reflected radiation into the view of the sensor (sensor zenith angle θ v and sensor azimuth angle φ v ), respectively (see Figure 1) .
A sketch diagram is shown for the TOA radiance observed by the satellite considering the surface BRDF effects in Figure   2 . In this figure, we have a solar beam F 0 with a zenith angle θ s as the incident radiation into the atmosphere. The incident radiation is then scattered or reflected back into space and forward transmitted in the atmosphere. The radiance reflected by 30 the atmosphere into the view of the sensor is called "path reflected radiance" ρ a . The forward transmitted radiation reaches the lower atmosphere, being partly scattered and partly attenuated by the atmosphere. The scattered and attenuated parts, called diffuse and directional flux t dd (i) and t dh (i), respectively, give the downward transmitted radiance. Since the underlying surface is non-lambertian, the anisotropic reflection of the surface is simply described as 4 elements: hemispherical-directional 1 (R hd ), hemispherical-hemispherical 2 (R hh ), directional-directional 3 (R dd ) and directional-hemispherical reflection/reflectance 4 (R dh ), respectively, see Figure 2 . The downward transmitted radiance undergoes complicated reflections between the surface and the atmosphere.
The directional flux reflected by the surface could be from the downward transmitted radiance after 1 3 , whereas the 5 corresponding hemispherical one is from the downward transmitted radiance by 2 4 . Here we neglect the multiple reflections between the lower atmosphere and the surface (e.g., strong mirror reflection) for the directional flux, but for the hemisphericalhemispherical flux where the atmosphere backscattering ratio is denoted as s. Finally, there is a directional flux from the lower atmosphere, through the directional transmission t dd (v) into the view of the sensor. Similarly, the sensor receives another directional flux which is from the diffuse flux undergoing the hemispherical-directional transmission t hd (v).
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Therefore, the TOA reflectance received by the sensor (radiance converted to reflectance by normalization) is composed of two parts: the atmospheric reflectance or path reflectance, the reflectance contributed by the interaction of the surface and the atmosphere, which is written as follows (a complete deduction has been given by (Wu et al., 2016) ):
where,
For convenience, the dependence of each term on wavelength λ is not explicitly shown here and in subsequent equations. The second term on the right side of equation 1 shows the contribution of the surface to TOA reflectance. R is the surface reflecting-20 matrix, which is made up of four components R dd , R dh , R hd and R hh . Its determinant form is |R| = R dd R hh − R dh R hd .
Compared to the C6_DT algorithm, three more unknowns (R dh , R hd and R hh ) are in our study, which require to be solved by the ancillary data. We make use of surface BRDF/albedo product 8-day MCD43A1 (500 m resolution) for the determination of the three unknowns in the surface reflectance matrix (Lucht et al., 2000; Schaaf et al., 2002) . MCD43A1 product utilizes three scattering kernels of Lambertian, geometric-optical and volume (also called RossThick-LiSparse (LSRT) model) to reconstruct 25 the surface reflectance R dh and R hh by a linear combination. R hd is obtained from R dh by assuming that reciprocity law is valid for the surface reflectance when v = i. The directional-directional reflectance R dd (or BRF) is numerically equivalent to the BRDF multiplied by π. The surface BRF R dd will be retrieved in the algorithm as other two parameters (AOD and fine ratio). The parameterization of the spectral surface BRF for VISvsSWIR in Wu et al. (2016) is reconsidered and updated here, described below. 
The VISvsSWIR surface BRF
The BRF data from ASRVN dataset "IBRF" is used to derive the BRF relationship for VISvsSWIR for the new algorithm.
In the ASRVN algorithm (Wang et al., 2009 ), the LSRT model is integrated into Radiative Transfer (LSRT-RT) to generate accurate TOA reflectance. Using the information in aerosol and water vapor from AERONET (about 100 sites), three LSRT BRDF model parameters and the surface BRF are retrieved in the ASRVN algorithm by fitting the simulated TOA reflectance 5 to the observed one over 4-to 16-day period .
Three years (2005) (2006) (2007) of ASRVN data from Terra satellite was collected, where the dataset is given as a box of 50 × 50 pixels (1-km resolution) collocated with AERONET sites. More than 28,000 cases were collected. Only cases with more than 80% good quality (ASRVN Quality Assurance = 0) and low aerosol loading (AOD < 0.2) over 10 × 10 km 2 area were chosen for analysis (5518). Under low aerosol loading, the radiation observed by the satellite is expected to be dominated by 10 the directional component reflected by the surface since the directional incident radiation is less scattered by the atmosphere.
In this case, the BRF retrieval is expected to be more accurate than that under heavy aerosol loading. Actually, considering all condition of AOD (9014 cases), the relationship for the spectral surface BRF gives a difference by 6% compared to that with low aerosol loading. regression demonstrate that the surface brightness has a strong impact on the spectral surface BRF relationship. As we know, the DT AOD algorithm requires that the surface brightness are expected to be dark after masking the pixels of cloudy, water and snow/ice, where the dark targets are selected over the 20 × 20 pixels box (500 m resolution) with the measured 2.12 µm reflectance ranging from 0.01 and 0.25, by removing brightest 50% and darkest 20% of the measured 0.66 µm reflectance (Remer et al., 2005; Levy et al., 2007b Levy et al., , 2013 . Therefore, the relationship needs to be investigated over the dark surface to 25 improve the AOD retrieval. The dataset (2739 cases) filtered by R dd,0.466 < 0.06, R dd,0.644 < 0.15 and R dd,2.12 < 0.25 is used for further investigation. Meanwhile, we note that over the dark surface the low correlation coefficients was found for
VISvsSWIR especially for 0.466vs2.12, which implies that the relationship may be dependent on other factors such as surface type and observation and illumination geometry.
Variability of the VISvsSWIR surface BRF: scattering angle
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Many studies did show that the spectral surface relationship over a dark surface is dependent on the observation and illumination geometry (Remer et al., 2001; Gatebe et al., 2001; Levy et al., 2007b) . Although these studies were done with the lambertian surface, the dependence of the spectral BRF is expected to be similar to that with the lambertian surface since the difference of the TOA reflectance between a non-Lambertain and Lambertian surface is expected to be small under the clear sky (e.g., AOD < 0.2) (Wu et al., 2016) .
The dependence is mainly caused by the biological feature of vegetations or plant canopies. Plant canopies are not randomly oriented (Rondeaux and Vanderbilt, 1993) , which could lead to the difference of the surface BRF ratio for VISvsSWIR on the different angles. On the other hand, the dependence could be largely reduced over the dry/dead vegetation or black soil area, 5 since the surface BRF ratio for this area is expected to be the same for different angles. Thus, we evaluate the dependence of the surface BRF ratio for VISvsSWIR on the angle.
Generally, the illumination and view angle is characterized: solar zenith angle, solar azimuth angle, sensor zenith angle and sensor azimuth angle. To simplify illumination and view angle, we use one variable -the scattering angle instead. The scattering angle Θ is a function of these four angles, defined as follows (see Figure 1 ):
Sorted by the scattering angle, the dataset (2739 cases) was put into 20 groups of equal size (about 140 points for each bin of the scattering angle). and c). As result, the ratio for 0.644/2.12 is much less dependent on the scattering angle than that for 0.466/2.12.
Directional effect of N DV I SW IR in the VISvsSWIR surface BRF
As we discussed above, the relationship of VISvsSWIR surface BRF is dependent on the surface brightness or surface type.
This requires us to take the surface type into account in the relationship. Although N DV I SW IR has been extensively used to 25 constrain the spectral surface reflectance in the AOD retrieval Hsu et al., 2013) , the directional effect of the index needs to be reconsidered. To test the directional effect of N DV I SW IR , the measured reflectance at 1.24 µm ρ m 1.24 and 2.12 µm ρ m 2.12 in N DV I SW IR that match the ASRVN dataset were collected. The observations are also filtered by the dark surface (defined in section 2.1), and shown in Figure 5 as a function of the scattering angle (ρ However, it is not easy to correct the directional effects of the MODIS observation. If we simply follow the linear regression relationship in Figure 5 , the directional effects for 1.24-and 2.12 µm observations and the corresponding N DV I SW IR will be poorly corrected since there is still a large uncertainty in the relationship. On the other hand, by removing N DV I SW IR from the relationship of VISvsSWIR surface BRF, the AOD retrieval does not differ too much from the one keeping N DV I SW IR in the relationship, with the difference of < 1% for the global land area. 
By averaging over all the scattering angles, the ratios for 0.466vs2.12 and 0.644vs2.12 are about 0.25 and 0.58, respectively, which are quite similar to the ratios of 0.25 and 0.5 in Kaufman et al. (1997) . Since the ratio is derived from the predefined dark surface, it is expected to be accurate over a vegetated area, and less accurate over a black soil and dry/dead vegetation area. To better understand the difference among the DT algorithms, the MODIS C6_DT and BRF_DT AOD retrievals were also investigated in this study. The comparisons were divided into two parts: one is a cross-comparison of AOD retrievals among DT algorithms, the other is their performance through validation with AERONET AOD. In the "yellow ellipse" area shown in Figure 6 , we can see that the AOD retrievals of BRF_DT and BRF_DT2 are spatially 15 smoother than C6_DT. This to some degree demonstrates that the AOD retrievals in BRF_DT and BRF_DT2 are much less affected by the underlying surface. In other words, the anisotropic reflection of the surface is well characterized and estimated by these two algorithms.
For the whole land area shown in Figure 6 , the difference of BRF_DT2 -BRF_DT AOD presents a strong dependence on the scattering angle, where a positive difference (0.08) was found at a small scattering angle (Θ ≤ 130
• ), and a negative difference 20 (-0.08) at a large scattering angle (Θ ≥ 150
• ), while less dependence was found for the difference of BRF_DT2 -C6_DT AOD.
We will further check the AOD difference between the algorithms in the validation section.
In one number (e.g., one bin labeled as -0.05 means the AOD between -0.05 and -0.03). Due to the mask of cloudy or cloudcontaminated pixels in ancillary data (8-day MCD043A1), the number of BRF_DT and BRF_DT2 retrievals was reduced by near one-seventh than C6_DT. Thus, the normalized frequency is given for each bin.
From the histograms, we can roughly see how the anisotropic reflection of the surface affects the AOD retrieval. With heavy aerosol loading (AOD > 0.2), the discrepancy of the AOD retrievals takes place between BRF_DT/BRF_DT2 and C6_DT. With 30 heavy aerosol loading, the beam light is largely scattered by the atmosphere, where it presents much more diffuse radiation, while much less directional radiation presented. Thus, the reflectance at the TOA is mostly contributed by the atmosphere scattering and surface diffuse-related reflection (e.g., hemispherical-hemispherical and hemispherical-directional reflection).
And this would make the AOD retrieval much less sensitive to the parameterization of surface BRF R dd . With low aerosol loading (AOD < 0.2), a significant difference of the frequency was found from C6_DT/BRF_DT to the new algorithm. And it seems that the difference is dependent on the months or seasons. We can see that a relatively small difference presents in April and July over Eastern China and North America in Figure 7 and 8. The variation of vegetation amount as season or month changes is a key factor for the retrievals. For the Northern Hemisphere such as Eastern China and North America area, the vegetations are abundant in Spring (e.g., April) and summer (July) and less abundant in Autumn
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(October) and Winter (January). As a result, BRF_DT and BRF_DT2 give similar AOD retrievals for a vegetated area, and different retrievals for less vegetation land (e.g., sparse vegetation and bare soil). The different performance is caused by the difference of the surface BRF parameterization between these two algorithms.
In a more general and wide area -the global land area, the differences of the frequency are not so significant as that for Eastern China and North America. The differences are smaller in January, and larger in July compared to that for Eastern China 10 and North America. This is because that for the global land the total vegetation amount does not vary too much over time.
Particularly, the negative retrievals (-0.05 < AOD < 0.0, the summary of the first three bins) are significantly reduced in the new algorithm, compared to that in C6_DT and BRF_DT. The reduction of the negative retrievals is more significant in North America area, with the decrease by 21% (-0.21 = 0.14-0.35) in January, and 8% in October. The reduction becomes small with only 5% for the global land area, and even smaller (< 4%) for Eastern China area. Obviously, the negative retrievals tend to 15 more likely appear for low aerosol loading area (e.g., North America) due to the algorithm uncertainty. To further clarify the reduction of the negative retrievals, we made similar histograms for light aerosol loading area: Brazil and Australia, shown in Figure 10 . The corresponding geo-information for these areas is given in Table 2 . We found that the reduction can be 6% -15% and 12% -28% for Brazil and Australia area in the new algorithm, respectively. at least 3 MODIS pixels and 2 AERONET measurements are required, following the rule in Levy et al. (2013) . By this method, we evaluated the AOD accuracy of the DT algorithm against AERONET measurements, as well as the angular dependence of retrievals.
Validation with AERONET AOD
Overall Performance of the AOD retrieval
Results are compared with the C6_DT expected error/accuracy (EE) ±(0.05 + 15%) over land. The statistics of the AOD 30 retrieval give a small difference between BRF_DT and BRF_DT2, such as in Eastern China and North America, around 1% increase of the retrievals falling within EE was achieved in the new algorithm compared to BRF_DT, whereas for the global land area, the increase by 2.5% was found (see Figure 11) , and 5% increase is given as compared to C6_DT.
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The changes of the parameterization mainly have large effects on the AOD retrieval under light aerosol loading (AOD<0.2) (also discussed above). Although by comparing the percentage of retrievals falling within the EE, the increase in North America is not significant between BRF_DT and BRF_DT2 AOD, it does not really mean a small changes between them since the current expected accuracy level ±(0.05+15%) gives too much tolerance for the low aerosol loading area (North America). If we narrow the expected accuracy level like ±(0.03+10%), and apply it to north America area, the difference becomes 5.5%
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(BRF_DT2 -BRF_DT: 64.96%-59.49%). Nevertheless, this accuracy level is so strict that the new retrievals can not meet the requirement of 1-σ interval (66%).
Angular Performance of the AOD retrieval
In order to test whether the AOD retrieval is dependent on the scattering angle, the MODIS AOD collocated with AERONET measurements were sorted and grouped into several equal bins by the scattering angle, where 8 bins were for Eastern China Generally, the errors of the AOD retrievals in all the algorithms vary with the scattering angle. We can see that the 1-σ errors
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increase with the increase of the scattering angle. This is mainly due to the estimation accuracy of the surface contribution varying with the scattering angle. The AOD retrieval is expected to be accurate in the DT algorithms when a dark surface is observed, since the TOA reflectance is mainly contributed by the atmosphere and little by the surface. Normally, the surface appears darker in the forward scattering angle (eg., Θ < 115
• , many shadows observed) while it appears brighter in the backscattering angle (few shadows observed).
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The new algorithm presents apparent advantages in the AOD retrieval compared to C6_DT, where the errors of the 1-σ and median, are getting smaller, especially for Eastern China area. This is mainly due to the accurate estimation of the surface anisotropic reflection in the new algorithm.
The 1-σ errors in the three cases are quite similar between BRF_DT and the new algorithm. Due to angular effect of N DV I SW IR in the C6 parameterization, it leads to a less constraint on the spectral surface reflectance, resulting in less 25 accurate retrievals than we expected. Conversely, this proves again the conclusion that the removal of N DV I SW IR in the new parameterization would not give a large error in the AOD retrieval.
It is interesting that the median errors are different between these two algorithms. Over the global land area, the angular bias is largely corrected in the new algorithm compared with BRF_DT, where at small and large scattering angles (Θ < 130
• and Θ > 150
• ) the errors of around -0.025 (-15%) and 0.04 (20%), are reduced to ±0.01 (±5%). The angular correction was 30 also found over North America, although there is still a little positive bias in the new algorithm, over all the scattering angles.
As for Eastern China area, it shows the quite small correction where the median errors are mostly the same between BRF_DT and the new algorithm. This illustrates that by applying the new parameterization the angular effects of AOD retrieval can be
Conclusions
In the AOD retrieval with satellite measurements, the accurate estimation of the surface contribution is a key process. Benefiting from the accurate estimation of the surface anisotropic reflectance, the BRF_DT algorithm can yield a better retrieval as compared to C6_DT. However, applied in BRF_DT, the surface reflectance relationship inherited from MODIS C6_DT can lead to an angular dependence of the AOD retrieval. The problem is due to at least two possible issues. The relationship that some improvements for the AOD retrieval can be achieved with the new algorithm compared to C6_DT and BRF_DT:
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-The negative retrievals (-0.05 < τ 0.55 < 0.0) were significantly reduced, where the reduction can be up to 20% -28% for some occurrence of region especially for clean area (AOD < 0.15). The problem of a large number of negative AOD in C6_DT , and as well as in BRF_DT, was alleviated in the new algorithm.
-The percentage of the retrievals falling within the accuracy level EE=±(0.05+15%) increases 2.5% and 5% for the AOD retrieval over the global land area compared to BRF_DT and C6_DT, respectively. Although a small increase was found 20 in light aerosol loading area North America as compared to BRF_DT, it can still give a significant increase (5.5%) with a stricter accuracy level ±(0.03+10%).
-The angular bias of the AOD retrieval is largely corrected. At small and large scattering angles (Θ < 130 Lacking the effective vegetation index, the uncertainty of the AOD retrieval was not substantially reduced in the new algorithm. The more effective index for vegetation amount or surface type needs to be developed for the AOD retrieval algorithm, such that a seasonal-dependent NDVI is applied in the second generation of Deep Blue AOD algorithm and yields a better result than the older Deep Blue Sayer et al., 2013) .
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